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BACKGROUND 

Field of the Invention 

10 The present invention relates to semiconductor packaging, and more particularly 

to a semiconductor package with an electrically-conductive strap for power applications. 

Description of the Related Art 

Integrated circuit die are conventionally enclosed in plastic packages that provide 
protection from hostile environments and enable electrical interconnection between the 
1 5 integrated circuit die and printed circuit boards. The package elements may include, for 
example, a metal leadframe, a die, bonding material to attach the die to the leadframe, 
bond wires that electrically connect pads on the die to individual leads of the leadframe. 
A hardened plastic encapsulant material typically covers the die, the bond wires, at least a 
portion of the leadframe, and forms the exterior of the package. 

20 The leadframe is typically the central supporting structure of such a package. A 

portion of the leadframe is internal to the package. That is, the plastic encapsulant 
material conventionally surrounds a central portion of the leadframe with lead portions of 
the leadframe extending externally outward from the sides of the package. The externally 
extending lead portions may be used to connect the package to external circuitry. 

25 In conventional eight-lead, small outline integrated circuit ("SOIC-8") high-power 

metal-oxide-semiconductor field effect transistor ("PMOSFET") packages, the sources 
and drains of the individual transistor devices of the PMOSFET are typically connected in 
parallel by respective thin layers of metal on the opposed surface of the die, which, in 
turn, are electrically coupled to the leads of the package. This thin layer of metal, in turn, 

30 is externally connected to each of three leads of the package. 
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In conventional versions of this type of package, the conductive layer spanning 
the sources of the individual transistor devices are connected to the leads (or an 
intermediate structure) of a package substrate by a relatively large number (typically 14) 
of parallel bond wires. However, these wires have contributed to a number of problems 
5 associated with this type of device, including relatively high internal thermal and 
electrical resistances. 

More recently, it has been learned that at least some of the foregoing problems can 
be alleviated by replacing the large number of bond wires with a single, elongated 
conductive strap that connects the thin layer of metal on top of the die to the source leads 
10 of the substrate. This approach, however, has also been somewhat problematic due to the 
inability of this design to effectively dissipate heat generated by the die. Accordingly, a 
need exists to provide a semiconductor package that provides for greater, or improved, 
heat dissipation capabilities. 

15 SUMMARY OF THE INVENTION 

A semiconductor package is provided that includes a die pad with a 
semiconductor die disposed thereon and a plurality of leads electrically coupled to the die 
via a conductive strap. Each of the leads has opposing first and second surfaces. An 
encapsulant material encapsulates the die, at least a portion of the die pad, at least a 

20 portion of the strap, and at least a portion of lead first surfaces. Second surfaces of the 
leads may be exposed in a plane of a horizontal exterior surface of the encapsulant, 
thereby permitting external electrical connectivity to the package and dissipation of heat 
through the lead second surfaces. A surface of the die pad and/or leads connected to the 
die pad also may be exposed at the horizontal exterior package surface. The exposed 

25 surfaces of the die pad and leads may be adjacent to or surrounded by recessed surfaces 
that are under- filled by the encapsulant material and are thus locked to the encapsulant 
material. 

In one embodiment, a portion of the conductive strap is exposed through, and may 
be substantially flush with, a horizontal exterior surface of the encapsulant material 
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opposite the die pad and leads. The exposed lead surfaces, the exposed portion of the 
conductive strap, and the exposed portion of the die pad provide multiple thermal paths 
for dissipation of heat generated by the die to the external environment. 

A power MOSFET embodiment of the package conforms to a standard eight-lead 
5 small outline integrated circuit (SOIC-8) package style and has better heat dissipation 
capabilities than conventional SOIC-8 packages. In addition, because the leads and die 
pad are in the plane of the horizontal exterior surface, the package is very thin. 

Tne present invention is best understood by reference io the following detailed 
description when read in conjunction with the accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional side view of a semiconductor package in accordance 
with an embodiment of the present invention. 

FIG. 2 is a top plan view of the semiconductor package of FIG. 1. 

FIG. 3 is a bottom plan view of the semiconductor package of FIG. 1 . 

1 5 FIG. 4 is a cross-sectional side view of a semiconductor package in accordance 

with an embodiment of the present invention. 

FIG. 5 is a top plan view of the semiconductor package of FIG. 4. 

FIG. 6 is a bottom plan view of the semiconductor package of FIG. 4. 

FIG. 7 is a cross-sectional side view of a semiconductor package in accordance 
20 with an embodiment of the present invention. 

FIG. 8 is a top plan view of the semiconductor package of FIG. 7. 

FIG. 9 is a bottom plan view of the semiconductor package of FIG. 7. 

FIG. 10 is a breakaway cross-sectional side view of a strap foot in accordance 
with an embodiment of the present invention. 
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FIG. 1 1 is a breakaway cross-sectional side view of a strap foot in accordance 
with an embodiment of the present invention. 

FIG. 12 is a breakaway cross-sectional side view of a strap foot in accordance 
with an embodiment of the present invention. 

5 Common reference numerals are used throughout the drawings and detailed 

description to indicate like elements. 

DETAILED DESCRIPTION 

The present application has some relation to semiconductor packages and methods 
10 disclosed in U.S. Patent Applications 09/536,236, 09/587,136, 09/816,852, and 

09/733,148, all of which are expressly incorporated herein by reference in their respective 
entireties. The present invention may be applied to some or all of the semiconductor 
packages disclosed in these applications. Further, the assembly methods disclosed in 
these applications may be modified in accordance with the present invention. 

15 FIGS. 1-3 show a lead frame semiconductor package 100 in accordance with one 

embodiment of the present invention. The semiconductor package 100 includes a 
semiconductor die 102, a metal die pad 104, a first set of metal leads 106, a second set of 
metal leads 1 14, 1 16, 1 18, and 120, and a conductive strap 122. 

The die pad 104 has a first surface 124 (FIG. 1) and a second surface 126 and has 
20 a recessed portion 127 formed about the entire periphery thereof. A lateral edge surface 
128 and a transverse surface 130 that are generally orthogonal and intersect along a 
recessed portion inside corner 132 generally define the recessed portion 127. The lateral 
edge surface 128 is substantially orthogonal to the second surface 126 of the die pad 104 
and intersects the second surface 126 of the die pad 104 along corner 125. The corner 
25 125 generally defines the second surface 126 of the die pad 104. 

The transverse surface 130 of the recessed portion 127 maybe substantially 

parallel with the first and second surfaces 124 and 126 of the die pad 104 and maybe 

substantially perpendicular to the lateral edge surface 128. The recessed portion 127 may 
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be formed by techniques such as etching, coining, stamping, or the like. During molding, 
encapsulant material 194 is permitted to enter into and generally under-fill the recessed 
portion 127 to secure the die pad 104 within the package 100 while permitting the second 
surface 126 of the die pad 104 to be exposed through lower horizontal second surface 198 
5 of the encapsulant material 194 for external electrical connection. 

The leads 106 each have opposing first and second surfaces 134 and 136, which 
are generally parallel to each other. The second surface 136 of each lead 106 extends 
between and intersects a corresponding external lateral edge 138 and a corresponding 
internal lateral edge 140. The internal lateral edge 140 and a corresponding transverse 
10 surface 142 are generally orthogonal and define a recessed portion 143 adjacent the 

second surface 136 of each of the leads 106. In one embodiment, the leads 106 are drain 
leads, in that they are electrically coupled to the drain terminal of PMOSFET 
semiconductor die 102. 

During molding, the encapsulant material 194 is permitted to enter into and 
15 generally under-fill the recessed portion 143 of each of the leads 106 to secure the leads 
106 within the package 100 while permitting the second surfaces 136 of the leads 106 to 
be exposed through the lower horizontal second surface 198 of the encapsulant material 
194 for external electrical connection. 

The lead 1 14 (FIG. 3) has an exposed surface 146. The lead 1 14 has the same 
20 configuration as the leads 106, as discussed above, including an inner recessed portion 
(not shown) like the recessed portion 143 of lead 106 that is under- filled by encapsulant 
material 194. A surface 146 of lead 1 14 is exposed and coplanar with second surface 136 
of leads 106 in the plane of lower horizontal second surface 198 of encapsulant material 
194 for external electrical connection. In one embodiment, an upper encapsulated surface 
25 (not shown) of lead 1 14 is electrically coupled in a flipchip style connection to a gate 
terminal of a PMOSFET die 102. 

The inner edge 136b of exposed second surface 136 of leads 106 and the inner 
edge 146b of exposed surface 146 of lead 1 14 is rounded, which can facilitate the 
encapsulation process, help avoid delamination, and reduce stress concentration points. 
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Comers of exposed second surface 126 of die pad 104 may be rounded for the same 
reasons. 

The leads 1 16, 1 18, 120 (FIG. 3) may be formed integrally with or may be ftised 
to the die pad 104. Each of leads 116, 118, 120 includes an exposed second surface 160. 
5 The second surfaces 160 of the leads 1 16, 1 18, 120 may be coplanar with the second 
surface 126 of the die pad 104 and the second surface 198 of the encapsulant 194. 

The outer edges 136a, 146a, and 160a of leads 106, 114, and 116, 118, and 120, 
respectively, are generally orthogonal and, in this embodiment, extend slightly beyond 
the tapered sidewalls 195 of encapsulant material 194. Typically, the outer edges 136a, 
10 146a, 160a are formed by severing the leads from a leadframe, such as with a punch or 
saw. 

The die 102, which may comprise a PMOSFET device, is mounted on the first 
surface 124 of the die pad 104. The die 102 includes opposing first and second surfaces 
162 and 163, which may be substantially parallel to each other. The second surface 163 
15 of the die 102 is mounted on the first surface 124 of the die pad 104 with metal solder, an 
electrically conductive die attach adhesive, or other conventional conductive die attach 
means. In one embodiment, the leads 1 16, 1 18, 120 are source leads in that the are 
integrally coupled with die pad 104, which, in turn, is electrically coupled to the source 
terminal of a PMOSFET die 102. 

20 The strap 122 is formed of an electrically conductive material, such as stamped 

copper or an alloy thereof, and includes a planar uppermost cover portion 170 disposed 
between and formed integrally with an inclined first connection portion 1 72 and an 
inclined second connection portion 174. The strap 122 also includes a flange portion 176 
formed integrally with the second connection portion 174 of the strap 122. The flange 

25 portion 176 of the strap 122 is mounted on and is electrically and thermally coupled to the 
first surface 162 of the die 102 by a conductive layer 177, such as solder or an electrically 
conductive adhesive epoxy. The strap 122 also includes at least one horizontally- 
extending peripheral foot 180 formed integrally with the first connection portion 172 of 
the strap 122. Foot 180 is mounted on, and is thermally and electrically coupled to first 

30 surface 134 of the leads 106. The strap 122 is adhered to the leads 106 and to the die 102 

-6- 



M-11561 US 
747898 vl 

by solder or an epoxy-based adhesive that is both thermally and electrically conductive. 
Additional details regarding the manner in which the foot 180 may be coupled to the 
leads 106 are described below with reference to FIGS. 10-12. 

The flange portion 176 is substantially planar and has a lip 182 formed along side 
5 and end edges thereof. As shown, the lip 182 extends vertically away from the first 
surface 162 of the die 102 to create a space between the lip 182 and the first surface 162 
of the die 102, Typically, a layer of conductive adhesive material, which is the epoxy 177 
in this example, is disposed between the flange portion 176 and the first surface 162 of 
the die 102 to secure the flange portion 176 to the first surface 162 of the die 102. In this 
10 configuration, the epoxy 1 77 is substantially thicker between the lip 1 82 and first surface 
162 of the die 102 than between the first surface 162 of the die 102 and other areas of the 
flange portion 176. The thicker epoxy between the lip 182 and first surface 162 of the die 
102 aids in alleviating high stress regions around the edges of the flange portion 176. 

The cover portion 170 of the strap 122 is substantially planar and includes first 
15 and second surfaces 186 and 188, respectively, and has a through hole 190 formed 

therein. The through hole 190 extends between the first and second surfaces 186 and 188 
of the cover portion 170 and is defined by a sidewall 192. As shown in FIG. 2, the 
through hole 190 may comprise an elongated slot with semicircular ends. Of course, 
however, the shape of the through hole 190 may vary. For example, the through hole 192 
20 may comprise a through hole having a circular or rectangular cross-sectional shape. 

The through hole 190 is useful during the process of molding the encapsulant 
material 194 about the package components. The through hole 190 permits passage of 
molten encapsulant material 194 from adjacent the first surface 186 of the strap 170 
through the through hole 190 and into a region adjacent the second surface 188 of the 
25 strap 170. Permitting the molten encapsulant material 194 to pass through the hole 190 
also helps prevent the strap 122 from being disconnected during the molding process. A 
portion of the encapsulant material 194 fills the through hole 190. 

The first surface 1 86 of the cover portion 1 70 is generally defined by a peripheral 
edge 189 and may be generally rectangular. As illustrated in FIG. 2, the peripheral edge 
30 189 may include opposing curved indentations 191 adjacent the first and second 
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connection portions 172 and 1 74 to facilitate bending the strap 122 into the respective 
cover portion 170 and first and second connection portions 172 and 174. 

The encapsulant material 194 is at least partially molded about the aforementioned 
structures for insulation and protection and includes opposing horizontal exterior first and 
5 second surfaces 196 and 198. The first surface 196 of the encapsulant material 194 

includes, and is generally defined by, a peripheral comer 197. The encapsulant material 
194 also includes sidewalls 195, which taper from a corner 199 to the peripheral comer 
197. 

The first surface 186 of the cover portion 170 around the through hole 190 is not 
1 0 covered by the encapsulant material 194, but is exposed in and substantially coplanar and 
flush with the first surface 196 of the encapsulant material 194. The first surface 186 of 
the cover portion 170 radiates heat effectively to the exterior, since the first surface 186 is 
not covered with the encapsulant material 194. Such heat is typically generated at the die 
1 02 and conducted through a thermal path including the flange portion 1 76 and the 
15 connection portion 174 of the strap 122 to the first surface 186 of the strap 122, where the 
heat may be dissipated, such as by radiation. 

Optionally, heat sink structures (not shown), including vertical protrusions, such 
as heat fins, heat pins, and the like may be attached to, or formed on, the first surface 186 
of the strap 122 to provide additional heat dissipation capability to the package 100. The 
20 heat sink structures may be secured on the strap first surface 186 by a thermally 
conductive adhesive or thermal grease, for example. 

As mentioned, the second surface 126 of the die pad 104 and the second surfaces 
160 of the leads 116, 118, and 120 are exposed through the second surface 198 of the 
encapsulant material 194. In one embodiment, the exposed surfaces 126 and 160 are 

25 substantially coplanar and flush with the second surface 198 of the encapsulant material 
1 94. The exposed second surface 126 of the die pad 104 and the second surfaces 160 of 
the leads 1 16, 1 1 8, and 120 (FIG. 3) radiate heat effectively to the exterior. Such heat is 
typically generated at the die 102 and conducted through thermal paths, which include the 
die pad 104 the leads 1 16, 118, and 120 and the second surfaces 126 and 160, 

30 respectively. 
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Additionally, the second surfaces 136 of the leads 106 are exposed through the 
second surface 198 of the encapsulant material 194. In one embodiment, the exposed 
second surfaces 136 are substantially coplanar and flush with the second surface 198 of 
the encapsulant material 194. The exposed second surfaces 136 radiate heat effectively to 
5 the exterior. Such heat is typically generated at the die 102 and conducted through a 

thermal path including the flange portion 1 76, connection portion 1 74, cover portion 1 70, 
connection portion 172, foot 180, and through the leads 106 to be radiated to the exterior 
via the exposed second surfaces 136. Further, heat from the die 102 may also be 
dissipated through the second surface 146 of the lead 1 14, which may be electrically and 
10 thermally coupled to the die 102. 

Accordingly, this embodiment provides for multiple thermal paths for dissipation 
of heat generated at the die 102. Heat may be dissipated through the following exposed 
surfaces: the first surface 186 of the strap 122, the second surface 126 of the die pad 104, 
the second surfaces 136 of the leads 106, the second surface 146 of the lead 1 14, and the 
15 second surfaces 160 of the leads 1 16-120, among other possibilities. 

In an alternative embodiment, PMOSFET die 102 is inverted, so that the drain 
terminal of the die 102 may be electrically coupled to first surface 124 of die pad 104, 
and the source terminal of the die 102 is electrically coupled by the strap 122 to the leads 
106. A bond wire (not shown) may be used to electrically couple the lead 146 to the gate 
20 terminal of the die 102. 

Depending on the type of die 102, the lead 146 may be omitted, for instance, 
where the die 102 is a diode. 

FIGS. 4-6 illustrate a semiconductor package 400 in accordance with another 
embodiment of the present invention. The semiconductor package 400 is similar to the 

25 semiconductor package 100 (FIGS. 1-3), and has common features, except as follows. 
Comparing FIGS. 4 and 5 to FIGS. 1 and 2, first surface 186 of the strap 122 of package 
400 is not exposed through the first surface 196 of the encapsulant material 194, but is 
encapsulated by the encapsulant material 194. Nonetheless, this embodiment provides for 
multiple thermal paths for dissipation of heat generated at the die 102. In this 

30 embodiment, heat may be dissipated through the following exposed surfaces: the second 
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surface 126 of the die pad 104, the second surfaces 136 of the leads 106, the exposed 
surface 146 of the lead 1 14, and the second surfaces 160 of the leads 1 16-120. Of 
course, heat will also radiate through the thin layer of encapsulant material 194 over the 
first surface 186 of the strap 122. 

5 FIGS. 7-9 illustrate a semiconductor package 700 in accordance with another 

embodiment of the present invention. The semiconductor package 700 is similar to the 
semiconductor package 100 (FIGS. 1-3), and has common features, except as follows. 
The semiconductor package 700 includes a die pad 104' having opposing first and second 
surfaces 124' and 130'. The encapsulant material 194 encapsulates the second surface 

10 130' of the die pad 104 in its entirety such that no portion of the second surface 130' is 
exposed through the encapsulant material 194. The leads 1 16, 1 18, and 120 (FIGS. 7 and 
9) may be fused to or formed integrally with the die pad 104' and have respective second 
surfaces 160 that extend through the second surface 198 of the encapsulant material 194. 
The second surface 130' is recessed from the second surface 160 of the leads 1 16, 1 18, 

15 and 120 so that the encapsulant material 194 under- fills the second surface 130' within a 
recess 131 defined by the second surface 130' and orthogonal surface 133, thereby 
locking die pad 104' to the encapsulant material 194. 

Package 700 provides multiple thermal paths for dissipation of heat generated at 
the die 102. Heat may be dissipated through the following exposed surfaces: the first 
20 surface 186 (FIG. 8) of the strap 122, the second surfaces 136 (FIG. 9) of the leads 106, 
the second surface 146 (FIG. 9) of the lead 114, and the second surfaces 160 (FIG. 9) of 
the leads 116, 118, and 120, among other possibilities. 

FIGS. 10-12 illustrate several embodiments of the foot 180 of the strap 122 and 
the lead 106. 

25 FIG. 10 is a breakaway cross-sectional side view of the foot 1 80 of the strap 122 

coupled to the first surface 134 of the lead 106 by a conductive layer 1002 in accordance 
with an embodiment of the present invention. The conductive layer 1002 thermally, 
electrically, and physically couples the foot 180 with the lead 106 and may comprise, for 
example, solder or a conductive adhesive. In one embodiment, the conductive layer 1002 

30 comprises a conductive epoxy material. The conductive layer 1002 is disposed between 
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the first surface 134 of the lead 106 and a transverse surface 1004 of the foot 180 to 
secure the foot 180 of the strap 122 to the first surface 134 of the lead 106. Thus, the 
strap 122 and the lead 106 are thermally, electrically, and physically coupled. 

FIG. 1 1 is a breakaway cross-sectional side view of the foot 180 of the strap 122 
5 coupled to the lead 106 in accordance with another embodiment of the present invention. 
In this embodiment, the lead 106' has opposing first and second surfaces 134' and 136', 
which are substantially parallel with each other. The lead 106' also includes a recess 
1 102 formed in the first surface 134' of the lead 106'. A recess floor 1 104 and recess 
sidewalls 1 106 define the recess 1 102. The cross-sectional shape of the recess 1 102 in 
10 the plane normal to FIG. 1 1 may comprise, for example, a circular or rectangular cross- 
sectional shape. The recess floor 1 104 intersects and is substantially orthogonal to the 
recess sidewalls 1 106. The exposed second surface 136' of the lead 106' is substantially 
planar, and recess 140 is under-filled with encapsulant material 194. 

At least a portion, or all, of the foot 180 of the strap 122 is disposed within the 
15 recess 1 102, depending on the relative depth of the recess 1 102 and thickness of the foot 
108. The transverse surface 1 104 of the foot 180 may be positioned adjacent or against 
the recess floor 1 1 04 as shown in FIG. 1 1 . A conductive material 1 1 06, such as solder or 
a conductive adhesive (e.g., conductive epoxy), is also disposed within the recess 1 102 to 
thermally, electrically, and physically couple foot 180 of the strap 122 to the lead 1 106'. 
20 The recess 1 102 thus mechanically captivates the foot 180 so that significant horizontal 
movement between the foot 1 80 and the lead 106' is prevented. This facilitates 
placement of the strap 122 and may improve the integrity of the connection. 

FIG. 12 is a breakaway cross-sectional side view of a foot 180' of a strap 122' 
coupled to a lead 106" in accordance with an embodiment of the present invention. In 

25 this embodiment, the foot 180' includes an aperture 1202. The lead 106" also includes 
an aperture 1204. As illustrated, the apertures 1202 and 1204 are substantially aligned 
such that their longitudinal axes are substantially coincident. A conductive material 
1206, such as solder or a conductive adhesive (e.g., conductive epoxy) fills the apertures 
1202 and 1204 and forms mechanically interlocking "key" therein when the conductive 

30 adhesive solidifies or hardens. The apertures 1202 and 1204 may each taper toward the 
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first surface 134" of the lead 106" to enhance the interlocking effect of the hardened 
encapsulant material 1206. 

The recess 1 102 of FIG. 1 1 and the apertures 1202 and 1204 of FIG. 12 can be 
formed with a wide variety of known techniques, including photolithography and etching, 
electrical-discharge machining ("EDM"), stamping, punching, coining, laser-burning, or 
the like. 

This disclosure provides exemplary embodiments of the present invention. The 
scope of the present invention is not limited by these exemplary embodiments. 
Numerous variations, whether explicitly provided for by the specification or implied by 
the specification, such as variations in structure, dimension, type of material and 
manufacturing process may be implemented by one of skill in the art in view of this 
disclosure. 
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